Objectives. In previous studies, we have shown that obesity is associated with increased cardiovascular disease (CVD) mortality in white women but not in black women. Earlier research suggests that body mass index (BMI) has a greater effect on CVD mortality in younger white females than older white females, whereas this relationship in black women is not as clear. This study examines the effect of age on the association of BMI to CVD in black and white women.
Although obesity represents a health risk for most populations, the risk levels may vary with race and age. 1 Some studies have found that the risk of cardiovascular disease (CVD) mortality is associated with a high body mass index (BMI), 2 that the risk associated with obesity is greater for white respondents than black respondents, 3 and that there is an independent, direct, positive association with BMI even after controlling for variables in the causal pathway. 4 Age has been found to impact the association of body mass and CVD mortality. Analysis of the American Cancer Society's Cancer Prevention Study data found that among men and women aged 30-74 years, a greater body weight was associated with an increased risk of death from CVD, but that the risk associated with excess weight was greater in younger people. 5 Data suggest that the prevalence of obesity decreases after age 60, 6 and it has long been questioned whether the ideal weight for elderly people should be greater than for younger people. 7 Obesity also has a profound effect on life expectancy, especially among younger adults. 8 However, in black respondents, decreased life expectancy was observed at higher BMI levels than in white respondents, suggesting that high body mass is not as detrimental in the black population.
Overweight and obesity is a growing epidemic and major public health concern. According to estimates from 2003-2004, 62% of U.S. women were overweight or obese (BMI 25 kg/m 2 ), 33% were obese (BMI 30 kg/m 2 ), and 7% were morbidly obese (BMI 40 kg/m 2 ). 9 The prevalence of overweight and obesity varied with age and race. Overweight and obesity was greater in middle-aged respondents (40-59 years) than in younger (20-40 years) and older (60 years) women, and the prevalence was higher in black respondents than in white respondents in all age groups. With the continuing rise in overweight and obesity, particularly in younger adults and children, it has been suggested that this may be the first generation to have a shorter lifespan than their parents. 10 In previous studies, we have found that obesity is associated with CVD mortality in white respondents but not in black respondents. 11 This analysis examines the effect of age on the association of BMI and CVD mortality in black and white women.
METHODS

Data source
This study uses data from the Black Pooling Project, which includes subject-level data from four studies: Evans County Heart Study, Charleston Heart Study, National Health and Nutrition Examination Survey (NHANES) I, and NHANES II. The Black Pooling Project was established to provide an adequate number of black subjects to assess CVD risks. Baseline data on 15,582 women (2,843 black women and 12,739 white women) were collected between 1960 and 1980. Followup on mortality status lasted 15-30 years (Charleston Heart Study, 1960 -1990 Evans County Heart Study, 1960 -1990 NHANES I, 1971 NHANES I, -1993 and NHANES II, 1976-1991) and includes 265,070 person-years.
In each of the studies, blood pressure, cholesterol, height, weight, diabetes status, and smoking status were measured or collected in a uniform manner by trained personnel. [12] [13] [14] Cause of death was determined from death certificates in each study [13] [14] [15] [16] [17] except NHANES II, in which mortality status was ascertained solely by computerized matching to national databases and evaluation of the resulting matches. 18 In addition to death certificates, all information gathered in the Evans County Heart Study pertaining to death was reviewed by a panel of three physicians and a cardiologist to classify the deaths. A neurologist also reviewed the information for any evidence of stroke. 16 
ANALYSIS
Sample size, CVD deaths, person-years of follow-up, prevalence of overweight (BMI 25.0-29.9 kg/m 2 ), obesity (BMI 30 kg/m 2 ), and other study characteristics were determined for each age/race group. Hazard ratios, which are similar to relative risks in the Cox proportional hazard model and will thus forth be defined as a relative risk (RR), were estimated for CVD mortality associated with overweight and obesity using normal weight (BMI 18.5-24.9 kg/m 2 ) as a referent group. Three models-one controlling for age, the second controlling for age and smoking, and the third controlling for age, hypertension, cholesterol, diabetes, and smoking status-were run separately within the age/race groups in each of the four cohorts. Data were pooled using subject-level meta-analysis to obtain an overall estimate for each age/race group. The covariates in each model were selected a priori.
Model 1 provides a crude age-adjusted measure of risk. Model 2 controls for age and smoking; smoking is a common covariate because of its association with weight. Model 3 adjusted for age, hypertension, total cholesterol, diabetes, and smoking status to test for associations between BMI and CVD mortality after controlling for known cardiovascular risk factors. Differences in risk were tested with a z-statistic.
Subject-level meta-analysis was used to calculate the overall estimate of the weight effect. Subject-level meta-analysis involves the reanalysis of subject-level data, providing a reliable means of addressing questions not satisfactorily resolved in individual studies. [19] [20] [21] [22] [23] [24] This method is a more sensitive analysis than typical study-level meta-analysis. A model was fit for each study, age, and race group. The risk factor coefficients from the individual regression models were then combined to obtain a pooled coefficient. The pooled coefficients comprise the pooled risk equation for each age/race group. Both fixed and random effects models were used to obtain the pooled risk equation. Because the results from the fixed effect model were generally consistent with the results from the random effects model, only the results from the fixed effect model are reported.
RESULTS
The prevalence of obesity in black and white women in 10-year age groups is presented in the Figure. The prevalence of obesity in black women increased from 22% in those younger than 30 years to 42% in those aged 50-60 years. After age 60, the prevalence of obesity began to decline, and among those older than 70 years, 26% were classified as obese. Among white women, obesity prevalence increased from 11% in those younger than 30 years to 21% in 50-to 60-year-olds. After age 60, the prevalence of obesity remained con-stant in white women rather than decreasing, as was seen in black women. Table 1 presents sample size, CVD deaths, personyears of follow-up, mean, and prevalence of study characteristics for younger (60 years) and older (60 years) black and white women. The prevalence of overweight, obesity, hypertension, and diabetes is greater in black women than in white women and increases with age. Current smoking was more prevalent in white women and decreased with age.
The relative risk of CVD mortality associated with BMI (overweight and obese) compared to normal weight was calculated for each age/race group in each of the four studies and pooled using meta-analysis ( 
DISCUSSION
In previous research, we found that obesity is associated with increased CVD mortality in white women but not in black women. 11 This study extends the previous reports by documenting that obesity is associated with an increased risk of CVD mortality in both younger and older white women. Among white women, the association between obesity and CVD mortality is stronger in younger respondents than in older subjects. In black women, there was an association between CVD mortality and obesity in younger but not older women; however, this association was only significant in Model 1 (controlling for age) and Model 2 (controlling for age and smoking status). The association between obesity and CVD mortality was no longer significant in Model 3, which controlled for hypertension, total cholesterol, and diabetes in addition to age and smoking status. The results of Model 3 suggest that the increased CVD mortality risk in younger obese black women is mediated in part by risk factors associated with obesity, such as hypertension and diabetes.
These results suggest that the prevention and treatment of obesity would have the greatest impact on reducing total cardiovascular mortality in white women, especially those younger than 60 years. While there was a significant association between obesity and CVD mortality in both younger and older white women, the association was stronger in younger women. The observation that obesity is more strongly associated with CVD mortality in younger people is consistent with previous findings. For example, the Cancer Prevention Study found that elevated BMI was associated with increased CVD deaths but that the risk was greater in younger people. 5 In a historical cohort of men with a mean follow-up of 35 years, a strong, significant association was found between BMI in young adulthood and CVD mortality (hazard ratio [HR] 2.41) and a weaker, insignificant association for BMI in mid-adulthood (HR 1.33). 25 In a prospective study of 6,193 obese patients, the risk of death increased with body weight, but obesity-related excess mortality declined with age at all levels of mortality. 26 A report from the Longitudinal Study of Aging suggested that obesity might actually be protective in older community-dwelling Americans compared to being thin or of normal weight. 27 The lack of association between CVD mortality and overweight in black and white respondents and obesity in black respondents is also consistent with previous findings. 2, 11 In the present study, this lack of association between overweight and CVD mortality persists among both younger and older subjects. The suggestion that an increased body mass affects people differently is not a novel idea. There has long been the discussion that the ideal weight for elderly people should be greater than younger people, 7 and it has been shown that the prevalence of obesity decreases after age 60. 6 One explanation for this phenomenon is selective survival, in which obese young and middle-aged people die prematurely. A second possible explanation is a cohort effect, in which older people come from cohorts that typically were not obese, or body fat is redistributed with increasing age. 6 It is also possible that older subjects, even at a normal BMI, have less lean mass and more adiposity, which raises their CVD risk closer to levels of the obese. In this study, the prevalence of obesity peaked between 50 and 60 years of age in black women and then began to decline. However, in white women, the prevalence of obesity peaked at 50-60 years and then remained constant across the older age groups.
One of the limitations in this study was that all study characteristics were collected only at baseline. We did not have additional measures of the covariates to assess whether weight or other risk factor changes during the 15-30 years of follow-up might have affected the results. However, it has been suggested in a study of men that BMI in early adulthood is positively related to CVD mortality later in life, and that an association between weight gain and later mortality was not found. 25 Although that study focused on men and not women, the results suggested that weight early in life might be a better predictor of CVD mortality than multiple measures or measures later in life.
Another limitation to this study was the lack of data on waist circumference, a commonly used measure of visceral fat. Previous reports indicated that a more centralized or abdominal fat pattern is associated with increased CVD mortality. 28 Data on waist circumference may have allowed a more comprehensive analysis of the association between BMI and CVD mortality. However, BMI has been found to be highly correlated with waist circumference (r~0.8-0.9), 29 and evidence suggests that waist circumferences at any BMI are similar or less in black respondents than in white respondents. 30, 31 One strength of this study was the lack of limitations we placed on our data. Analyses of weight and mortality often employ different methodology and lack uniformity, which does not allow comparison of results among various studies. For example, many studies limit their population to nonsmokers or exclude people who may have died early in the follow-up. In our study, we assessed the association of overweight and obesity and cardiovascular mortality among current, former, and nonsmokers. We did not exclude deaths that occurred early in follow-up. We controlled for smoking and other comorbid conditions in the analysis. This strategy provided results from a large number of black and white, younger and older women who are representative of the population.
These results suggest that there is an association between obesity and CVD mortality in younger and older white women. Among white women, obesity is associated with a greater CVD mortality risk in women younger than 60 years of age. This association is particularly important as the prevalence of obesity in children and younger adults being classified as overweight and obese continues to rise. As the prevalence of obesity increases in younger women, it is reasonable to assume that the number of women at increased risk of CVD mortality will also grow. Hence, obesity treatment and prevention would most likely have the greatest impact on reducing CVD mortality in white women, particularly those younger than age 60. While obesity was not independently associated with CVD mortality in black respondents, a significant association in younger black women was observed until adjustment was made for obesity-associated risk factors, including hypertension and diabetes. Because medical management of risk factors can be suboptimal, weight loss, which improves multiple cardiovascular risk factors, is likely to reduce cardiovascular mortality in younger black women. Given the noncardiovascular health risks of obesity, which include degenerative joint disease and several cancers, the treatment and prevention of obesity in all women has important personal and public health implications.
